"Dark energy" as Conformal Dynamics of Space 
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An exact solution for the dynamics of conformally fiat space, which, due to the equations of 
dynamics, turns out to be homogeneous, is presented. The conformal mode of space metric evolution 
in Global Time Theory has negative energy density. The transfer of energy to this mode from other 
modes leads to increasing homogeneity of the Universe, although the probability of such transfer from 
local objects is negligibly small. The conformal mode corresponds to 'dark energy' in observation 
astronomy. 
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"Dark matter" and "dark energy" represent 
one of the fundamentally obscure issues of mod- 
ern space dynamics. Astronomical observations 
demonstrate that the life of the Universe is more 
than just migration of stars and galaxies. The dy- 
namic system of the Universe has some additional 
degrees of freedom known as "dark matter" and 
"dark energy" which make up a significant part of 
the overall energy balance pj . Modern official the- 
ory of Space and Time - General Relativity (GR) 
- seems to have enough field variables, so there is 
hardly any need to introduce any unclear "dark" 
substances: the metric tensor of four-dimension 
space-time has ten components. However, in the 
framework of GR these components cannot be con- 
sidered as a contribution to the energy balance of 
the Universe. 

The Global Time Theory (GTT) HH0, which 
has been developed over the past few years and 
is based on the physical principles that are sig- 
nificantly different from General Relativity, con- 
siders three-dimensional space as a dynamic ob- 
ject described by a six-component metric tensor 
and a three-dimensional absolute velocity field. It 
means that from the point of view of the Field 
Theory, space is a nine-component field. Dynam- 
ics takes place in global time, whereas processes 
in non-inertial systems are described by the math- 
ematical technique of invariant time derivations. 
Especially important for the theory is the invari- 
ant time derivative of the metric tensor: 



dt 



3V 



(1) 



Nine equations (according to the number of field 
components) are derived from the principle of min- 
imal action 



S = 



16 7T k 



R)^d 3 xdt, (2) 



where R is scalar curvature of space and /x^ are 
constructed from invariant time derivatives of the 



metric tensor Q: 

and the absolute velocities V % are present only in 
the kinetic energy term. 

As usual this variational technic leads to non- 
trivial Hamiltonian of space 



H = 



167rfc 



- - Vl^x. (4) 
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The energy density of space can be both positive 
and negative. 

If one more condition (the tenth one) is added - 
i.e. that energy density is equal to zero - then these 
ten equations coincide with the ten equations of 
Einstein's General Relativity. It means that GR 
solutions are contained within solutions of GTT, 
which also has a multitude of other solutions with 
non-zero density of energy. 

In cosmic dynamics only about 4% of energy 
is related to matter which determines sources in 
space dynamics equations. Therefore, investigat- 
ing problems of pure dynamics of space without 
matter can yield solutions that come quite close to 
modeling the real dynamics of the Universe. 

For example, the dynamics of a 3D sphere with 
the radius changing in time (in a cycloid) is re- 
garded by GTT as a problem of dynamics of space 
without matter. Unlike GR, where the parame- 
ters of the cycloid are determined by the density 
of matter, GTT determines these parameters by 
the energy of space; in this case the dust-like mat- 
ter only adds to the energy. For this reason, prob- 
lems related to "critical density" are non-existent 
in GTT, since the open or closed construction of 
the Universe depends on start conditions and not 
on the density of the matter. 

The main dynamic variable in GTT is the 
six-component metric tensor of three-dimensional 
space. A conformal factor can be extracted in this 
tensor, all other components determining the space 
anisotropy. This conformal component is the one 
that makes a negative contribution to kinetic en- 
ergy. 

However the question arises, what prevents all 
positive energy objects (gravitational and electro- 
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magnetic waves, etc.) from "falling" to negative 
energy modes? 

In order to answer this question in the frame- 
work of GTT, we will consider an extremely im- 
portant and relatively simple cosmological model - 
namely, the dynamics of conformally flat Universe 
with the following metric: 

dl 2 = e 2 (dx 2 + dy 2 + dz 2 ). (5) 

Three bond equations (obtained by variation of 
action by the velocity field) for this metric are: 



They lead to the separation of the time part from 
the space part: 

u(t,x,y,z) = v(t)+w(x,y,z). (7) 

Six dynamic equations (obtained by variation of 
action by metric tensor) 

(2 u + 3 u 2 ) 5) = (2 v + 3 v 2 ) 5) = G) (8) 

lead not only to the requirement of constant (in 
space coordinates) scalar curvature, but also to ho- 
mogeneity of space as a whole. In equations JBJ Gj 
is Einstein's tensor of 3D space. 

Purely conformal dynamics requires homogene- 
ity of space. 

Whereas, for example, in Friedman-like models 
space could be treated as homogeneous for the sake 
of simplifying the solution, - in pure conformal dy- 
namics space turns out homogeneous as a result of 
dynamic equations. 

The above solution confirms conclusions 3] con- 
cerning the dynamics of small perturbations of 
flat space (with metric tensor Jij), which are in 
many ways similar to Einstein's solutions for grav- 
ity waves in GR: 

Tensor hij is broken down into a trace-less part 
and conformal perturbation of the metric: 

h = 7 »h ij = hh x ; h\ \s)h. 

The traceless part Xj corresponds to Einstein's 
solutions of GR and satisfies the wave equation 
below: 

\; A X ; 0: \; : , (I: xl = 0. (9) 



From the GTT viewpoint, these waves have pos- 
itive energy density, which is quadratic by ampli- 
tude. 

Purely conformal deformation is described by 
component h, which obeys to a fundamentally dif- 
ferent kind of equations: 

h = 0; h,j = 
- where the scale changes homogeneously through- 
out space. 

The existence of modes with positive energy and 
4% of matter distort the purely conformal dynam- 
ics, and cause the small space heterogeneity of con- 
formal factor. However, in linear approximation 
these modes do not interact with the conformal 
mode 0. 

The model considered above answers a number 
of fundamental questions: 



• If any material objects transfer their energy 
(or part of it) to the conformal mode, the 
homogeneity of space increases. 



• Since the conformal mode is homogeneous 
throughout the whole space, coefficients of 
interaction between various local material 
substances (e.g., electromagnetic or gravi- 
tational wave packets) and the conformal 
mode, which determine the migration of en- 
ergy to the conformal mode, are negligibly 
small, and in spite of the negative energy 
mode, the Universe with positive energy ex- 
ists almost independently from this mode. 



The main "contributor" to the "dark matter" 
turns out to be velocity field. Source (and Q 
as well) present the solution to the "cosmic vortex" 
problem. In this solution, the matter (in the form 
of stars) does not determine the vortex dynamics, 
but only visualizes it in a kind of spiral galaxy (also 
introducing some perturbations into the dynamics 
of a pure vortex) . 

Author thanks N. Burlankov and S. Gubanov for 
discussions and T. Bezborodova for help in trans- 
lation. 
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